-fAD-R138 519 PRTHOGENESIS OF DENGUE VRCCINE VIRUSES IN HOSOUITOES
YALE UNIY NEW HAVEN CONN SCHOOL OF MEDICIN!
B J BEATY ET AL. 61 JAN 82 DAMD17-79-C-9034

UNCLASSIFIED




o
E

P e ST L e
e .

Iz it e

rEEEEEEE

EEEE

IS ¥
o

—
.
—
er
[3
rr

lle

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS-1963-A

LY
N
FRCERER

-
. -
. T-




r_ ...... yp " T T R TR RN OV TV VR TR T W T .-.',f-'7.':.-'~.'.'%
..... O AL R e . e e e e e T S T S S A . . -

. " .t N Lt e - - M . - - - . .
. :
.

UNCLASSIFIED

AD

PATHOGENESIS OF DENGUE VACCINE VIRUSES IN MOSQUITOES

AMMA130519

Third Annual Report

Barry J. Beaty, Ph.D. D I l‘ :
Thomas H.G. Aitken, Ph.D.
’ ELECTE

JUL20 1983 }
January 1, 1982

Supported hy

U.S. Army Medical Research and Development Command
Fort Detrick, Frederick, Maryland 21701

Contract DAMD17-79-C-9094%

Yale University School nf Madicine
New Haven, Connecticut 06510

Approved for public release; distribution unlimited.

The findings in this report are not to be construed
as an official Department of the Army pneitian unless s~
designated by other authorized documents.

|

&
S
Ly
&
€
=
(=)

R atala’a'ata‘aiBl ii%e”

R NvY 10 (68

1
1

iatoals . I W P P U I U PP S P G W PR I A . V. WU S, S RV TN YOAE S AL VLT o W PG L WU AT DL I WA ad




b
4
y
4
f
Y,
A
y

I LRI

0 Y
I
L I
.

SECURITY CLASSIFICATION OF THIS P CtWhen Data‘Enlered)‘

REPORT DOCUMENTATION PAGE BEFORE o T ON M

- T
>
i

REPORT NUMBER 2. GOVT ACCESSION NO.| 3. RECIPIENT'S CATALOG NUMBER

/4 h.4/30 $/7

r;

TITLE (and Subtitle) 5. TvPE OF REPORT & PERIOD COVERED

Annual Progress Report
PATHOGENESIS OF DENGUE VACCINE /
VIRUSES IN MOSQUITOES 1/1/81 to 1/1/82

6. PERFORMING OG. REPORT NUMBER

. AUTHOR(s) 8. CONTRACT OR GRANT NUMBER(s)

Barry J Beaty, Ph.D.
Thomas H. G. Aitken, Ph.D. DAMD17-79-C~9094

10. PROGRAM ELEMENT, PROJECT, TASK
AREA & WORK UNIT NUMBERS

61102A.3M 161102BS10.AA.063.

PERFORMING ORGANIZATION NAME AND ADDRESS
Yale Arbovirus Research Unit
Yale University School of Medicine
New Haven, CT 06510

. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE

US ARMY MEDICAL RESEARCH AND DEVELOPMENT COMMAND January 1, 1982

Fort Detrick, Frederick, Maryland 21701 1 NumMBER oF "‘“E;l

. MONITORING AGENCY NAME & ADDRESS(if different [rom Controlling Ollice) 1S. SECURITY CLASS. (of this report)

Unclassified

1Sa. DECLASSIFICATION DOWNGRADING
SCHEDULE

. DISTRIBUTION STATEMENT (of this Report)

DISTRIBUTION STATEMENT A

Approved for public release;
Distribution Unlimited

. DISTRIBUTION STATEMENT (of the abstract entered in Block 20, if different {rom Report)

. SUPPLEMENTARY NOTES

rm e w -

wFEY NORDS (Continue on reverse side if necessary and identify by block number)

Dengue-2 5-1 vaccire, Pr-159 parent; Dengue—-l parent, 'I™ 56 candidate
vaccline; camparative infection, transmission, and pathogenesis in
mosquitoes; reversion frequencies; immunofluorescencoe.

23

ABSTRACT rContinue on reverse sidm If necossary and ‘dnantifv by Klori pumbhaee

. ~The dengue-2 vaccine virus (S-1) and i1ts parent virus (PR-159) were
campared for their ability to infect orally, to rcplicate in, and
subsecuently to be transmitted by Aedes aegypti mosquitoes. The vaccine
virus was markedly less efticient In 1ts ability to infeat mosquitoes
orally. Atter ingesting intectious bloodmeals containing 3.7 to 8.2 ]oqlo‘

’ICIDSO/ml of the respective virusns, 567 (220/296) A% the msquitoes

nD

tataalatal el culw el

,i:’:M” ]473 EDITION ©F 1T NOV RS 15 CR-OLE TF

GEOTOR T T ALt B TATE g SNF THIS PASE When Onva Fntered)

- R AT T ) e . Lo NI L e s
W W A P P R TN S Wy AT e . 4 Sl die VS UNE UL P Y clmcaaddin A PUBY S Do bim,

i
-
a

O

P )

T l)v L

Tyt e

o om

g

« vor v
RN

.‘x

. .
B PGP

SIS  RAT : PRI ST




M ad - - T R M . .- . . - - .
o Mds S B AC Tt S SR AT AC S S RRCRA YA NI T . . . R

SECUR!ITY CLASSIFICATION OF/ 3 PAGE(When Data Enteted)
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Summarv

Studies were continued to compare the efficiency ~f nral infection, mode of
development, and transmission potential of dengue-2 parent and candidate vaccine
viruses in Aedes aepgypti and Aedes albopictus mosquitces. Both strains were
capable of oral infection of the vector species; however, the Aedes albopictus
mosquitoes seemed to be more susceptible to oral infection. After ingesting 8.2
to 4.2 logyo TCID50 per ml of the parent (PR 159) virus, 66% (46/68) of the
Aedes aegypti became infected; in contrast, 97% (68/70) of the Aades albopictus
became infected. After ingesting the same amounts of the vaccine (S-1) virus,
20% (18/88) of the Aedes aegypti became infected; however, 65% (40/65) of the
Aedes albopictus became infected. The vaccine strain was less infective for
both vector species. In expanded studies using approximately the same infective
doses, 56% (220/396) of the Aedes aegypti mosquitoes became infected with the
parent virus, but only 167 (66/397) of the mosquitoes became infected with the
vaccine virus.

The oral infectious dosesy for the parent virus was between 5.4 and 5.7
logig MID5g. The OID5g for the vaccine virus was 7.2 logyg MIDgg. Thus, it
required more than 100 times more vaccine than parent virus to infect 50% of the
mosquitoes.

In oral transmission trials, 14% (3/22) of mosquitoes infected with the
parent virus transmitted. In contrast, none (0/16) of the mosquitoes infected
with the vaccine virus transmitted,

Pathogenesis studies were conducted to determine the anatomic basis of the
reduced transmission capability of the vaccine-infected iwosquitoes, Viral
antigen was frequently detected in mosquito midgut tissues but not in secondary
target organs. Thus the vaccine virus seemed less efficient in dissemination
from midgut tissues than the parent wvirus.

The vaccine virus remained stable during mosquito passage. Although plaque

size was somewhat altered, no large plaques were detected after mosquito
passage, nor Aid the viras change in temperatur~ coaneitivity,

P [P DA WAL Iy WAL Wy WT Y S W Wy Iy Wy DU W S e

| PPy

TR

Lo

e > § X

. o

PN & § SO

"lL

} P

]

U

[ 3

P R, SV e W —



LU v M i - S s b e b i i A T

m— - T
LA 2y e AL g K A IC A PR SR
AR

| SR

T .

o
LY

Table of Contents

Page

DD Form 1473--o..o'.-.-.o--c.......--.--o-.-.o..--.---.-..-...o......-o..z

FOoreword..oceveerasocecnsensssccsassassstssssassssnssssnsossossnscnsonsnoenlh
SUMMATY e e evsssososnonsssrsoscnasssssssssosoncssssoassssrnonssnsssssssssocsesd
Table Of CONLENLS..essessssssrsrsesssssnssecssssassasssnsssssassscssoncnsasd
Body Of RepOrt.iceceseneeevssossssossoroeronsssossennsnsssssosesesnnanossosass?

1. Statement of the problem....cceicrvescrsesostosssonnssncssoevsnel
II. Background.eseessccsooccecsosssssssasassssesncscanssssanssannssd
IIT, AppProach..ceeseecccenceronsscoccensossasesssarsscsnossssansanonsasd
IV, Materials and MethodS...cevecceseccsesssessssssssnsvanoesvnasassd

A:  VirusSseS.seceseesssesesercssrsstocssssnosssnssssssscsnenassel
B, MOSQUILO@S..severeestocssscccsansnsasasssssnsssovasssnsnsesd
c. CoNJuUBALeSevecsecesvsocssoecocnsssassssonsosssssssasanonssed
D. Virus 2888Yecesesevocrsssssssesacssssnsssssssnsvanssssnsssed
E. Oral transmission ..scesevsceccesccsscessossrsvcescossessll

F. Oral infection of MoSqQUitoeS.cvirevssrecssccncrnossnsssssll
v' ResultslI"..........'l.l..I‘.'.'..'...'I......I"'.....".'..lo

A, Dengue 2 Studies

1. Growth CUrVEeS..veeescsncsssassvrsnsssssnssssssssssensell
2. Comparative susceptibility of Aedes aegypti and

Aedes albopPictuS.eeessssssssssoosvncssossessossssssesll
3. Threshold of infection studieS..ceeeveescsronossesesssll
4. Oral transmission of dengue-~2 viruseS....cesececsessssl?
5. Pathogenesis studieS...cc.evssssnsessssasasvasosssnnsal?
6. S- 1 Vaccine reversion studieS..cceveseecessncssrancnsasl?

B. Dengue 1 Studies
l. Infectinn nf Aedes albopictus.......... P
2. Oral infection nf Aedes albopictuf..eeveesevoaessceseall
3. Thresholds of infection studieS..vssecevosvnsassscssasld

C. Development of improved oral transmissinn 888ay............lh

v!o Discussion.....----..........-.-.--............-....-.........15

VII, ConcluSionS.eeesesesoascscoonsossennnec-n-ns e enaan I X

- ReferenCeS .y eereeterseserensssansassstarsacsssasssessssnssssnsassnsssnsesl? ﬁ
» Tables and Figures........veieeuvsnnnnrvnn. .. Cesaniiann I S & f
.

F’ Distribution List.v.sseeneienrcnnreeer cvunn. e a1 F
- :
- —h=

-

b‘:'

3 _j

. 3

. PR

e e e T e LT i - o o . o .
ORI I AL P TP Ty B o PR S i ettt




-~ R R e . L R AR U S e
b R gl aadn Nt e St

o
s .
»~—
-

e R e TR Y -

I. Statement of the problem

The purpose of this research project is to determine if dengue parental and
candidate vaccine viruses differ in their respective abilities to infect, to
replicate in, and to be transmitted by Ae. aegypti and Ae. albopictus
mosquitoes. Attenuated candidate vaccines and parental strains of dengue-l,
dengue-2, and dengue~4 viruses will be compared in their vector-virus
interactions.

The second, and related, objective of this research project is to determine
if attenuated vaccine strains revert to virulence after mosquito passage.
Should a 1live dengue vaccine be capable of infecting and subsequently be
transmitted by mosquitoes to a new vertebrate and should the vaccine revert to
virulence as a comnsequence of mosquito passage, then a natural infection cycle
could be initiated.

The rationale for this project is that the temperature sensitive (ts)
vaccine strains of the dengue viruses which are attenuated for man will also be
modified in one or more parameters of vector-virus interactions. The hypotheses
are 1) the vaccine strains will be less capable than parental strains in vector
infection, 2) vaccine strains will differ from parent strains in their mode of
development, 3) the vaccine strains will be less efficiently trsnsmitted than
parent strains, and 4) that the small plaque ts mutant virus populations will
remain stable upon passage in vector mosquitoes.

1I. Background

Dengue is of great tactical significance tn the military because large
numbers of troops can become incapacitated in a short period of time.
Attenuated dengue vaccines have been developed at WRAIR.

The dengue-~2 S~1 vaccine and PR-159 parent and the dengue-1 parent and TP
56 vaccine strains are the subject of this project report. The S-1 vaccine was
derived from the serum of patient PR-159 of Puerto Rice (Eckels et al,, 1976).
The virus was passaged 6 times in Lederle certified African green monkey kidney
cells, Passage 6 1is designated the parent strain and S-1 represents the
progeny of a small plaque derived from the parent strain (Eckels et al., 1980).
The S-1 clone is ts, titers 340 times higher in LLC-MKy cells than in mice, does
not produce viremia in rhesus monkeys, produces barely detectable viremia in
chimps and in man (B ancroft, et al., 19Rl; Harrison, et al.,, 1077; Scott, et
al., 1980). Only 2 of 114 Ae. aegypti mosauitoes fed on viremic volunteers
became infected, but did not transmit the virus after 21 davs incubation
(Bancroft et el., 1982),

The dengue-1 candidate vaccine, TP 56, passage 28, was derived from a human
serum isolate obtained during an epidemic on the island of Nauru in the South
Pacific. It was passaged in fetal rhesus lung cells, The TP 56 candidate
vaccine is ts, small plaque, and produces a low level viremia in rhesus monkeys.
It has not been tested in man,

Ideally a vaccine should not produce viremia, but if it does, it is
reasonable to expect that the vaccine strain will infect mosquitoes poorly and

will be inefficiently transmitted. This was demonstrated with the 17D yellow
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fever vaccine (Davis et al., 1932; Roubaud and Stefanopoulo, 1933; Peltier et
fever vaccine (Roubaud et al., 1937; Whitman, 1939), French neurotropic yellow
al., 1939), mouse-adapted dengue type ! (Sabin, 1948), African green monkey
kidney-adapted dengue type 2 (Price, 1973), and an attenuated Japanese
encephalitis vaccine virus (Chen and Beaty, 1982). Sabin (1948) showed that
attenuated dengue, passed through mosquitoes, did not revert to pathogenicity
for man, and Chen and Beaty (1982) demonstrated that the attenuated Japanese
encephalitis vaccine did not revert to mouse virulence after mosquito passage.

Thus, even if the vaccine did develop sufficient viremia to infect vectors,
there would be little likelihood that the virus would be transmitted and that it
would revert to virulence.

I1I. Approach

The working hypothesis was made that the ts candidate vaccine viruses and
the parental wild-type viruses would behave differently in vector mosquitoes.
To test this hypothesis the efficiency of oral infection of each parental and
vaccine candidate strain was to be determined in dose response studies.
Sequential 30-fold dilutions of the virus preparations were to be used to infect
groups of a minimum of 10 sibling mosquitoes per dilution. Such studies would
also provide information about the optimal infective dose for the transmission
and pathogenesis studies; doses much greater than the threshold could obscure
differences in infectivity between the vaccine and parental viruses.

Mosquitoes for studies to determine infection rates, extrinsic incubation
periods, and rates of oral transmission were to be infected via engorgement on
known titer blood~virus mixtures. Vector competence studies and especially
dose-response studies are greatly facilitated by the use of artificial
hloodmeals. In previous contract periods an efficient technique was developed to
orally infect Aedes spp. mosquitoes with artificial meal systems (see Materials
and Methods).

Vector-virus interactions were to he further investigated  using
immunofluorescent techniques to localize antigen in situ in organ dissections
and cryostat sections of infected mosquitoes. The =sijtes of restriction of
replication (if restriction exists) of the vaccine strains would be defined by
the comparative IF studies of antigen development in organs of mosquitoes.

A further obstacle to assessment of vector competence has been the lack of
a snitable laboratory animal to use to detect mosanitn transmission of low
passage or attenuated dengue viruses. Dovalopment of »n in vitro assay which
permitted assay of transmission by inocula 1on of collected m mosquito saliva into
recipient mosquitoes was a major advance (¢ tken, 1979; Beaty and Aitken, 1979).
This technique facilitated transmission assays for viruses that did not cause
observahle morbidity or mortality in animals. Unfortunately, mosquitones could
not always be induced to engorge upon the artificial meal system used to capture
the saliva. Refinement by Spielman and Prssignol (unpnhlished data) of a saliva
capture technique using oil-charged capillaries (Hnoslhnt, 196A), provided a
possible new in vitro tachnique to assay for virus tranemission. Studies were
begun to determine if the technicue con’'d he applied *a the comparisons of
dengue parent and vaccine viruses in mosaui toes.
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The combination of transmission and comparative pathogenesis studies and
the determination of dose-response curves (thresholds of infection) were thought
to be adequate to reveal differences in vector-virus interactions between
parental and vaccine viruses.
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IV. Methods and Materials

ST
L K

O
b

A. Viruses:

W ORI

Dengue 2

Stock viruses for both the parental and S-1 vaccine strains of dengue-
2 virus were prepared in either LLC-MK; or Aedes albopictus C6/36 cells. The
original infected human serum (PR-159) was the source of the parental virus.
The experimental vaccine virus (Lot #4, Jan. 1976, WRAIR) was the seed for the
vaccine stocks. To prepare the tissue culture stock pools, monolayers of LLC-
MKy cells (319C) were inoculated with the respective seed virus. On day 7 post
inoculation, fluids were harvested, centrifuged, and the supernatant was
aliquoted and frozen.

Dengue 1

Initially, both parent and vaccine dengue-1 stock viruses were
prepared by inoculation of LLC-MK; cells. Viruses werec harvested after 7 days,
aliquoted, and frozen. Subsequently, stocks were prenarnd hey inoculation of
Aedes albopictus C6/36 cells. Viruses were harvested after 14 days (280C),
aliquoted, and frozen.

B. Mosquitoes:

Two long-colonized vector species were used in these studies: the Amphur
(Thailand) strain of Ae. aegypti and the Oahu (Hawaii) strain of Ae. albopictus.
Emerged adults were allowed to feed on sugar cubes and had access to water

wicks. When this procedure was followed it was not necessary to starve
mosquitoes prior to their engorgement on infectious bloodmeals; generally
greater than 80% of the mosquitoes exposed became fully engorged. The

mosquitoes were maintained at 289C and approximately 80% RH.

C. Conjugate:

The anti-dengue-1 or -2 conjugate was prepared by hyperimmunization of mice
(Brandt et al., 1967), Immunoglobulins were precipitated from the ascitic
fluids with (NH4),S0; and conjugated with fluorescein isothiocvanate (Spendlove,
19653 Hebert et al., 1972), Conjugated antihodies were purified by Sephadex G-
50 eolumn chromatography. The conjupate titered 1:7°7 and wmag used at 1:16,
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- D. Virus Assay:

ll Titrations - For the dengue-2 titrations, serial 10-fold dilutions of
infectious bloodmeals were inoculated into 8 well Lab-Tek slides seeded with
BHK-21 cells. Four days post-—inoculation the slides were examined for viral
antigen by IF, Alternatively, serial 10-fold dilutions of the dengue-2
prenarat1ons were inoculated intrathoracically into uninfected Ae. aegypti
mosquitoes (10 per dilution, 0.0006 ml per mosquito). Inoculated mosquitoes
II were held 7-10 days (280C) at which time heads were severed, squashed on slides,
T and examined for viral antigen by IF (Kuberski and Rosen 1977).

For dengue-l parent and vaccine all titrations were done using Lab-Tek

slides seeded with Aedes albopictus C6/36 cells, Serial 10-fold dilutions of

L the preparations were inoculated into the plates. After 7 days incubation
]l (280C), slides were examined by IF for the presence of viral antigen.

N Antigen detection - IF was used to localize viral antigen in gitu in organ
ot dissections and cryostat sections of mosquitoes (Beaty and Thompson, 1976, 1978)
; and in head and abdominal squash preparations (Kuberski and Rosen, 1977),

E. Oral Transmission

After an extrinsic incubation period of 14-21 days mosquitoes were allowed
to engorge individually on a serum-sucrose-red-dye drop (approximately 0.05ml).
After engorgement of mosquitoes, the residual drop was 1inoculated into 7-10
uninfected mosquitoes. After incubation at 28°C for 10 days the recipient
mosquitoes were head-squashed and examined by IF. Detection of viral antigen in
the head tissues of the recipient mosquitoes was interpreted as a transmission
nof dengue virus.

F. Oral Infection of Mosquitoes

Parental and vaccine viruses were each inoculated into flasks of LLC-MKy or
Ae. albopictus C6/36 ceils (28°C). After incubation periods of 7-10 days for
the dengue-2 viruses and 14 days for dengue-1 viruses, cells were detached from
the flasks with rubber policemen, and the cell fluid suspensions were
centrifuged at 500xg for 10 minutes. The cell pellet was resuspended in 1 ml of
the remaining fluid, and combined with 1 ml of washed human red blood cells and
0.5 ml of 10% sucrose in heat~inactivated calf serum. Drops of this artificial
bloodmeal were placed on the screening of cages holding mosquitoes. Engorged
mosquitoes were removed and maintained at 28°C and 65-75% RH for 14-24 days.
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v. Results

Ty

A. Dengue-2 studies: (See Miiler nt al 10R"},

1. Growth curves:

Mosquitees were permitted to enporge hlood meals containing approximately
7.2 login mosquito infectious dose MID)gy per ml of either the parent or the
vaccine dengue-2 virus. n days .3,5,7,9,11, and 14 pnst-feeding, 5 females
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which had engorged on the parent and 5 females which had engorged on the vaccine
- virus were frozen at -700C and subsequently titered for virus content by
mosquito inoculation.

The virus growth curves for orally infected Ae. aegypti mosquitoes are
presented in Figure 1. Titration of 5 mosquitoes immediately after exposure to
bloodmeals containing 7.2 logigMID5g/ml of virus resulted in a geometric mean
titer of 4.7 logigMID59/ml for the parent PR~159 virus and 5.0 logjoMIDsq/ml for
25 the attenuated S-1 virus. Titers fell on day 3 post feeding and increased to
Il day 7. Thirty mosquitoes were fed on the respective virus strains and titrated

: on days 3 to 14 post-feeding. Of those that engorged the meal containing the

parent virus, 27 (90%) became infected; 18 (60%) engorging the vaccine virus

- became infected. 1In general, the parent strain replicated to higher titers and
L more quickly in the mosquitoes than the vaccine strain (Figure 1).

2. Comparative susceptibility of Aedes aegypti and Aedes albopictus

To determine the comparative susceptibility of the two main vector species
of dengue-2, Aedes aegypti and Aedes albopictus mosquitoes were permitted to
engorge upon serial 10-fold dilutions of the parent and vaccine viruses (Table
1). After 14 days extrinsic incubation, mosquitoes were examined by IF for the
presence of viral antigen.

Aedes albopictus mosquitoes seemed to be more susceptible than Aedes
aegypti to oral infection by both the parent and vaccine viruses. Parent v.rus
antigen was detected in 97% (68/70) and 66% (46/68), respectively, of the Aedes
albopictus and Aedes aegypti that engorged the parent virus. Vaccine virus
antigen was detected in 65% (40/65) and 207 (18/88) respectively of the Aedes
albopictus and Aedes aegypti that engorged the vaccine virus (Table 1).

3. Threshold of infection studies

We attempted to determine the comparative threshold of oral infection for
the 2 viruses in Ae. aegypti. For these experiments mosquitoes were allowed to
engorge on 10-fold dilutions of the original stock virus preparations. After
14-21 days extrinsic incubation at 28°C, mosquito heads and abdomens were

severed, squashed, and examined by IF for the presence of wviral antigen. ™
Detection of viral antigen in abdominal tissues indicated that the mosquito 5
midgut had become infected. Detection of wviial antigen in head tissues '
indicated that the midgut had become infected and that virus had subsequently q

disseminated from the midgut to infect secondary tarpet organs. To determine R
the precise anatomic location of virus, organ systems were dissected from -
selected mosquitoes and examined by IF for the presence of viral antigen. ’

The results of the comparative oral infection experiments are presented in
Tables 2 and 3. Dengue-2 viruses grew to higher titers in C6/36 than in LLC-MKj s
cells. When Ae. aegypti mosquitoes ingested the parent virus grown in C6/36
cells at titers ranging from 4.2 to 8.2 logigMIDsa/ml. 74% (145/194) became
infected; 97% (141/145) of the infected mosquitoes developed a disseminated
infection (Table 2). In contrast when mosquitoes fed on the same titar of
vaccine virus grown in C6/36 cells, 21% (39/183) became infected: 59% (23/39) of
the infected mosquitoes developed a disseminated infection. The overall rate of
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virus dissemination to mosquito head tissues was 72% (141/194) for the parent
virus and 122 (23/183) for the vaccine virus. When the infectious titer of
virus grown in C6/36 cells was 5.2-6.2 logigMIDsg/ml, 67% (35/52) of the
mosquitoes exposed to the parent virus became infected in contrast to 6% (4/60)
exposed to the vaccine virus. The mosquito 50% oral infectious dose (0IDgp) for
the parent virus was computed to be 5.4 logigMIDsg/ml and 7.2 logigMID5¢/ml for
the attenuated vaccine virus,

Overall infection rates were obtained by combining the results obtained
using virus stocks prepared in C6/36 cells with those obtained using virus
stocks grown in LLC-MK,; cells. The total infection rate for mosquitoes
ingesting bloodmeals containing 3.7 to 8.2 logyg MIDsg per ml of the parent
virus was 56% (220/396); in contrast, only 16% (66/397) of those ingesting the
same amount of the vaccine virus became infected.

4. Oral Transmission of dengue-2 viruses

Since the attenuated vaccine virus had been demonstrated capable of
infection of Ae., aegypti mosquitoes, it was necessary to determine if vaccine
virus could L+ transmitted by mosquito bite. Mosquitoes were allowed to engorge
on infectious bloodmeals containing approximately 7.2 logjgMID59/ml of either
parent or attenuated dengue-2 virus (Table 4). All (22/22) of the Ae. aegypti
feeding on the parent virus became infected and developed disseminated
infections by 21 days extrinsic incubation., Fifty-five per cent (16/29) of the
mosquitoes engorging on the attenuated virus bloodmeal became infected, but only
28% (8/29) developed a disseminated infection. Fourteen per cent (3/22) of the
mosquitoes infected with the parent strain transmitted virus to a serum-sucrose
dron. None of the mosquitoes infected with tha2 vaccine strain transmitted.

5. Pathogenesis studies:

A number of mosquitoes infected with the vaccine virus were dissected in
order to ascertain which tissues/organs were involved in virus replication. In
many cases, viral antigen was found in large amounts in the mesenteral tissues
only. The fore and hindguts as well as ovaries, ventral nerve chord, salivary
glands and fat body were free of demonstrable S-1 viral antigen. It would
appear that although virus was replicating in the midgut, it was unable to
mature and escape into the haemocoel or unahle tc attach and replicate in
secondary organ systems. The molecular basis for this attenuation is not known.

6. 8-1 Vaccine reversion studies

Studies were conducted to determine if the S-1 vaccine virus wonld revert
to virulence during mosquito passage., Two biological markers, plaque size and
temperature sensitivity were used originally to characterize the attenuated
virns, The S-1 clone produced small plaques and did nnt grow at temperatures c*€
300C or higher. We used these markers to address the possibility that the S-1
virus might revert to virulence (large plaque size and growth at 399C) after
passage in mosquitoes. The dengue-2 viruses werc characterized 1in the
infectious bloodmeal and after growth in orally infected mosquitoes (Table 5).
The S-1 cloned virus remained temperature scnsitive when grown in C6/36 cells or
LLC-MK9 cells and after passage in mosquitoes. Plaane sizes were heterogeneous,
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although no large plaques were seen. Surprisingly the parent virus apparently
became attenuated (temperature sensitive) after passage in the C6/36 cells, and
the attenuation seemed tn be accentuated by passage in the mosquito vector.
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- B. Dengue 1 Studies

1. Infection of Aedes albopictus

To determine the relative capability of the dengue-1 parent and vaccine
ll viruses to replicate in Aedes albopictus, mosquitoes were intrathoracically
: inoculated. Each day post infection, 5 mosquitoes were removed and frozen for

subsequent titration in C6/36 cells. Preliminary results are shown in Table 6.

Both viruses replicated well after intrathoracic infection. Endpoints have not

yet been reached for most mosquitoes. Nonetheless the results suggest that the
. parent virus may be more efficient in replication in the vector than the vaccine
. virus. Most mosquitoes infected with <1.0 logyp TCIDsg of the parent virus
X titered 25.0 logjg TCID50 after 4 days extrinsic incubation. In contrast, most
mosquitoes infected with 300 times as much vaccine virus titered between 4.0 and
5.0 logyo TCIDs5g.

fadaasd Vo tL A M ESataatatatat D

2. Oral infection of Aedes albopictus

Studies were conducted to determine the comparative ability of parent and
vaccine viruses to orally infect Aedes albopictus. Mosquitoes were permitted to
engorge meals containing freshly prepared virus stocks as described previously
for dengue-2 feeds. On selected days post-infection, mosquitoes were stored for
subsequent titration. Unfortunately after a one-week incubation period at 280C,
the parent virus meal titered approximately 3.0 logjgp TCIDs¢ per ml. Apparently
this titer was below the threshold of infection for the mosquitoes; none that
engorged the meal prepared using this stock became infected. The problem with
low parent virus meal titers has been overcome by preparation of the stocks in
Aedes albopictus cell cultures. After 2 weeks incubation at 28°9C, titers of 9.0
log1g TCIDgp/ml are achieved.

J
i
;
o
!

In this first study, the dengue vaccine virus meal preparation titered 5.8
logig TCID5¢/ml. This titer did result in mosquito infection. Preliminary
results are shown in Table 7, Progeny virus was not detected in mosquitoes in :
more than trace amounts until 7 days post-engorgement. 07 the 24 mosquitoes so :
far examined after 7 to 14 days extrinsic incubation, only 10 (42%) became i
infected,

3. Threshold of infection studies

To determine the comparative threshold of oral infection for the 2 viruses,
Aedes aegypti mosquitoes were permitted to engorge upon meals containing serial
10-%01ld dilutions of the stock virus preparations. After 14 days extrinsic
incubation at 28°C, mosquitoes were processed by JF for the presence of viral
antigen. The parent meal titered 8.0 logyg TCIDsg per ml, and the vaccine meal
titered 7.75 logs. The Aedes aegypti mosquitoes only became infected when they
engorged the meal prepared from the undiluted virus. The disseminated infection
rates were 30% (14/46) for mosquitoes engorging the parent virus and 397 (12/31)
for those engorging the vaccine virus. The rates do not differ statistically.
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The low infection rates are surprising. After ingestion of considerably leas
dengue-1 vaccine virus (Table 7), 42% (10/24) of Aedes albopictus mosquitoes
contained detectable virus after 7 days extrinsic incubation. This would seem
to indicate that the Aedes albopictus mosqitoes are more susceptible to both
dengue-1 and -2 (Table 1) viruses.

C. Development of Improved Oral Transmission Assay

Studies were begun to determine if the oil in vitro transmission assay
could be successfully applied to detect dengue virus transmission.

Mosquitoes were inoculated with either dengue-2 parent or vaccine virus,
yellow fever virus, or La Crosse virus, After 1 week incubation, wings and legs
were removed from the mosquitoes and the probosci were inserted into capillary
pipettes charged with 3.5 ul of Cargille immersion oil. After 30-60 minutes
exposure, mosquitoes were removed and exemined by IF for the presence of viral
antigen, Charged capillaries containing the mosquito saliva were placed in
Eppendorf centrifuge tubes containing 0,.1ml of 20% FCS-PBS diluent. The tubes
were centrifuged twice for | minute in order to force the contents of the
capillary into the diluent. Centrifuge tubes were then frozen. To assay for
virus transmission, the contents of the tubes were subsequently inoculated into
recipient mosquitoes. After 14 days, recipient mosquitoes were headsquashed
and processed by IF. Detection of antigen indicated virus transmission.

To compare the in vitro technique to in vivo transmission, sibling
mosquitoces, infected with either yellow fever or La Crosse virus, were separated
into two groups. One group of each was permitted to engorge upon suckling mice;
the other was assayed for transmission using the in vitro technique (Tables 8
and 9).

Transmission of both yellow fever and lLa Crosse virus was demonstrated. 1In
these pilot studies (Tables 8 and 9), some difficulties were encountered with
mouse and recipient mosquito survival, Nonetheless, the results were
encouraging. Interestingly, after 1 week extrinsic incubation, 4 mosquitoes
without detectable viral antigen in the headsquash preparation transmitted virus

Table 8). Thus it seems that the assay can detect transmission before
sufficient viral antigen to detect by IF accumulates in the head tissues. Since
the mosquitoes were inoculated parenterally, all presumably were infected. In
those instances where the in vivo and in vitro techniques could be compared,
yellow fever transmission rates were similar,

Similar results were obtained with La Crosse virus transmission attempts
(Table 9). Only 1 mouse survived after being fed upon by an infected Aedes

triseriatus mosquito, Serum has been collected from the mouse but not yet

tested for the presence of antibodies to La Crosse virus. Three of the
remaining 4 (75%) mice fed upon survived Table 9. After a similar 2 weeks
incubation, 9 of 10 (90%) of the mosquitoes assayed using the in vitro
transmission technique were demonstrated to have transmitted.

On the basis of these results, a pilot stndy was conducted to compare the

. A

N W N S W . a PPN et P



ARIASIR

'

i

>

——

S - | Sl
T 'K“("V‘f'r'r."- T Al

TEL N RY .

transmission rates of the parent and vaccine dengue-2 viruses using the in vitro

technique. Results are shown in Table 10. Transmission of both viruses was
detected. Interestingly, the mosquitoes inoculated with the parent virus
received approximately 0.8 logyg TCID 59; whereas the mosquitoes infected with
the vaccine virus received approximately 2.6 logs. Nonetheless, after 1 week
extrinsic incubation, transmission rates by parent and vaccine infected
mosquitoes were similar,

Further studies are planned to clearly delineate the extrinsic incubation
periods as well as effective duration and rates of transmission of the parent
and vaccine viruses. The use of the improved o0il in vitro assay permitted
testing of mosquitoes in a fraction of the time recessary using the old in vitro
assay. If the technlque can be demonstrated to be as sensitive and specific for
salivary gland transmission as an in vivo assay, it will greatly facilitate the
proposed studies.

VI. Discussion

The S-1 vaccine strain seemed to be markedly less efficient than the parent
PR-159 strain in interactions with potential vector species. The S-~1 vaccine
was considerably less efficient in oral infection of vectors (Tables 1,2, and
3); it was considerably less efficient in developing disseminated infection (see
progress report, 1980, Tables 2 and 3); when disseminated infection did occur,
it was later than that for the PR-159 strain; and finally the vaccine strain was
less efficiently transmitted (Table 4).

Thus we conclude that dengue-2, S$-1 vaccine virus, which is attenuated for
man and animals is also modified in its ability to infect orally and to be
transmitted by Ae. aegypti mosquitoes. Oral infection only occurred in a
substantial number of wmosquitoes when the infectious titer of the meal was
relatively high (Tables 1 and 2). The vaccine strain was approximately 100
times less efficient than the parent strain in orally infecting Ae. aegypti.
Although viremia does occur in humans inoculated with the vaccine, it does so at
levels so low that the virus must be first amplified in cell culture before it
can be recovered. Nonetheless, a few Aedes aegvypti mosquitoes did become
infected while feeding on viremic vaccinees. However, none of the infected
mosquitoes contained detectable virus antigen in head tissues, nor was virus
transmitted by an infected mosquito (Bancroft et al, 1982). Likewise, in the
studies reported herein, none of the Ae. aegypti mosquitoes orally infected with
the vaccine virus subsequently transmitted. It seems reasonable to speculate
that the virus infection in those mosquitoes that fed on the vaccines was
rastricted to the midgut.

The Aedes albopictus mosquitoes seemed to be more vector competent (oral
infection) than the Aedes aegypti mosquitoes (Table 1). However, it must be
noted that these observations were made using highly laboratory adapted strains
of mosquitoes. Data derived using these two laboratory strains should not
necessarily be extrapolated to species differences in vector competence in
nature. Since genetic variability in vector competence of Ae. aegypti and Ae.
albopictus populations has heen demonstrated (Gubler and Rosen 1976; Gubler et.
al., 1979), similar studies should be condncted with selected, epidemiologically
significant geographic strains of these mosquitoes.

.

aa L

.. L . ._‘_.
VTS o § TETIUNN

L )
o SR

L]
aaltol

el

AT el

P Y P N .



DSt L ANE SO B
. ol
s . .

- RaeRs
. RN

The attenuated virus remained temperature sensitive after replication in
mosquitoes. This is not surprising since the mosquitoes were maintained at
temperatures well below 399C. The plaque morphology was not uniformly small,
although large plaques characteristic of the parent virus were not detected.
Temperature sensitivity and plaque size/morphology are biological markers which
may or may not be related or correlated with the parameters of vector
competency. In this particular case, the inability of the S-1 vaccine virus to
infect efficiently and to be transmitted by Ae. aegypti mosquitoes is certainly
a relevant albeit complex biological marker.

Preliminary indications based on the limited replication and oral infection
studies suggest that the dengue-l vaccine is also modified in its ability to

interact with vector mosquitoes, Perhaps there is a common basis for
attenuation of flaviviruses.

VII. Conclusions

l. The dengue-2, S-1 vaccine would seem to be sufficiently modified in its
ability to infect and to be transmitted by vector mosquitoes to preclude
secondary infections as a result of mosquitoes becoming infected by recent
vaccinees. Importantly, even in the unlikely event that mosquito infection and

transmission did occur, the virus probably would not revert to virulence during
mosquito passage.

The S-1 vaccine virus was less efficient than the parent virus in the
following vector-virus interactions:

a) replication irn intrathoracically or orally infected mosquitoes.
b) oral infection of vector mosquitoes.
C) oral transmission by vector mosquitoes.
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Infection and transmission rates for Aedes

aegypti mosquitoes orally infected wirh
dengue-2 parent and attenuatsd viruses. -

v
S0 DA,
PR LR N .
-
.

Dengue-2 viruses! ’

t%: Parent virus (PR-159)(%/ Varcine wirus (3-1)U%) ;ﬁ
h No. mosquitoes exposed 22 °9 ‘:
No. infected 22 (100) 16 (55) iJ

' p
No. disseminated? 22 (100} 8 (28) ty

No. transmitting 3 (14) a8 (0) .

1 Dengue-2 viruses were grown in LLC-MK; cells at 31°C; post-feeding titer was 7.2 lIngyg
MIDs9/ml for PR-159 and S-1 viruses.

2 pengue-2 viral antigen detected in mosquito head tissues.
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A Table 5 Y
~

- Plaquing of dengue-2 parent (PR-159) and attenuated (S-1)

~ viruses at permissive and restrictive temperatures

before and after oral passage in Aedes aegypti mosquitoes.

L

V)

PFU1/0.2 ml. 2

Sample 350¢ 38.59C 39.39C
1. S$-1 grown in 5.1 X 105 4.4 X 103 <10 C

C/36 cells at 27°C

2. S-1 from Ae. aegypti 2.2 x 104 2.8 X 102 <10
orally infected with #1

T st O

3. §-1 grown in LLC-MK, 5.1 X 103 1.7 X 102 <10
cells at 31°
4. S-1 from Ae. aegypti 4.9 X 103 3.0 X 101 <10 =
orally infected with #3 N
S-1 control 3.4 X 105 2.3 X 103 <10 g
5. Parent grown in Cg/36 4.5 X 106 1.3 X 105 8.4 X 103 g
cells at 27° c
6. Parent from Ae. aegypti 1.0 x 103 <10 <10 -
orally infected with #5 q
Parent Control 1.7 X 106 6.7 X 105 3.2 X 105
o
v
l Samples #1-6 all contained dengue-2 virus that resulted in heterogeneous plaque !;
sizes ranging from 0.5 mm, to 1.5 mm. except sample #5 which contained plaques that =
were <2.0 mm in size. None of the samples (# 1-6) contained the large plaques "
seen in the PR-159 control. 1
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Table 6

Replication of dengue-1 viruses after intrathoracic inoculation!

into Aedes albopictus Mosquitoes

[T TIPW I VL)

Titer of virus (TCID5q’

Virus Days post infection
Mosquito 0 1 2 3 4 5 6 7 8 ee. 16
dengue-1 1 <1.0 <1.0 <1.0 4.25 >5.0 >5.0 5.0 >5,0 >5,0 >5.0
Parent! 2 <1.0 <1.0 <1,0 3,75 >5.0 >5.0 >5.0 >5.0 >5.n >5.0
3 <1.0 <1.0 3.0 3.75 >4,0 >5.0 >5.0 >5,0 >5,0
4 <1.0 <1.0 2.25 4,0 >5,0 >5.0 >5,0 >5,0 >5,0
dengue-1 1 <1.0 <1.0 <1.0 3,75 >4,0 >4,0 >5,0 >5,0 >5.0 >4.0
VYaccine? 2 <1.0 <1.0 <1.0 4,0 >5.0 >A.0 5.0 >4,0 >5,0 >5,0
3 <1,0 <1.0 3.5 >4,0 >%.,0 5.0 >5,0 >5.0 >5,0
4 <1,0 <1.0 2.25 >4.0 =>4.,0 A0 ~5.0 S0 ~5.0

PPNy R

1  pengue-1 parent inoculum titered
Dengue-! vaccine inoculum titered 2.6 logig TCIDsgp per ml,

<1.0 logyo TCIDgp per ml.
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5 Table 7 3
o f
o Replication of dengue-1 vaccine virus (TP56) ;‘
| :
3! after oral infection of Aedes albopictus mosquitoes 4
AT '

Day post infection ~3

Mosquito 0 1 2 3 4 5 6 7 8 9 10 11 14 1
1 2,25 - <2.0 <1.,0 -l - <1.0 2,02 2.715 3.25 5.0 - A

2 2.75 - - <1.0 -~ - - - 2.0 3.75 - 3.5

3 2.5 - - - - - - - - 3.25 - 4.0
4 300 - - <l.0 <1-0 - - - - - - -

SRR TR

1 no virus detected in titration

2 Log1o TCID5o per mosquito
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- Tahle R
. Comparison of an in vitro technique and
! engorgement upon suckling mice for an assay

e of yellow fever virus transmission by mosquitoes.

In Vitro Suckling Mice
Donor incubation period Donor incubation period
1 week 2 weeks 1 week 2 weeks
mouse mouse

No. Donor Recip. Donor Recip. Donor death Donor death
1 +2 + + + + + + NF3
2 - - + ns? + - + .

3 + + + NS + + + NF

4 + NS + NS - - + +

5 + + + NS + - + N®

6 + + + NS + + + e

7 + NS + NS + - + NF

8 - + + + + - + MR

9 + + - - + +
10 + + - - + +

lResults of IF examinations of headsquash preparations.
2None of the recipients survived the two weeks incubation period.

IMosquito did not feed on mouse.
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Table 9

Comparison of an in vitro technqiue
and engorgement upon suckling mice for an
assay of La Crosse virus transmission by mosquitoes.

In Vitro Suckling Mice

Donor incubation period Donor incubation period

1 week 2 weeks 1 week 2 weeks
mouse mouse
No. Donor Recip. Donor Recip. NDonor death Donor death
1 +1 + + + + p3 + NF%
2 + + + + + D + +
ki + + + + + D + NT
4 + Ns2 + + - D + NF
5 + NS + + + D - NF
) + + + + + D + NF
7 + + + + + D + NF
8 + + + - + D + -
a + NS + + + D + -
10 + NS + + + D + +

lResults of IF examination of headsquash preparations.
2None of the recipients survived the one week incubation period.
3Non-virus associated mouse death.

QMosquito did not feed on mouse.
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Table 10 3
P
In vitro transmission of dengue-2 parent and I
vaccine viruses using the oil capillary technique. ;
y
3
Parent Vaccine »
- -
i. Donor incubation period Donor incubation period »
o 1 week 2 weeks 1 week 2 weeks ]
. :
N No. Donor Recip. Donor Recip. Donor Recip. Donor Recip. X
1 +1 + + + + + + - w
]
2 + - + - + NS + + -
3 + + + + + NS + + E
4 - + + + + - + NS :
A
5 - Ns2 + + + - + +
6 + NS + + + NS + N§
-
7 - NS + + + + + NS ﬁ
8 + NS + + + + + + "
.
9 + + + + + NS + +
10 + + - + + NS + +

ALY : & P8

lResults of IF examinations of headsquash preparatinns.

2None of the recipients survived the two week incubation period. ;“
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v | Figure 1 y
b 4
x Replication of dengue-2 parent (PR-159) and vaccine (S-1) viruses e
: in Aedes aegypti mosquitoes.ls? :
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1 Crosshatched area indicates range of titers.
o 2 pengue-2 viruses were grown in LLC-MKy cells at 310¢; post-feeding titer of the
: blood meals were 7.2 MIDsg per ml for both the parent and vaccine viruses.
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